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1 

THE TREATMENT OF WOUNDS 

Technical Field 

The present invention relates to the treatment of wo unds. More 
particularly, it relates to substances which promote the healing of wounds, to 
compositions and to dressings which incorporate such substances and to a 
method of treating wounds using such substances. 

Background to the Invention 

Efficient wound healing is a complex physiological process which involves 
many mechanisms including cell migration, growth factor secretion, 
angiogehesis, tissue remodelling and the intrinsic proteinase/antiproteinase 
balance of the wound contributing in concert and in an apparently staged 
manner to accelerate controlled tissue regeneration. 

Wound care products are essential in modem medical practice, especially 
for the treatment of patients with chronic wounds or bums. Many different 
substances have previously been proposed as having activities which 
contribute to the healing of wounds. These previously proposed substances 
include streptokinase, collagenase and streptpdomase (all obtained from 
bacterial sources), bromelain (from pineapples), plasmin and trypsin (obtained 
from cattle) and krill enzymes (obtained from Crustacea). Clinical trial data 
indicate that such substances are only parfially effective in promoting the 
healing of wounds. 

The lan^ae (maggots) of the green bottle fly, Lucilia sericata. are known to 
have significant wound healing attributes as live organisms. Debridement 
treatment using the larvae of Lucilia sericata. has bebbme a widely accepted 
clinical practice. However, little has been reported in the literature about the 
way in which these larvae go about their task of cleaning wounds to an extent 
that conventionally untreatable wounds heal. 
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Although efficacious, live larvae are unpleasant to many patients and the 
use of live larvae on wounds and the introduction of their crude secretions into 
wounds/ which inevitably occurs when the larvae are used, are unacceptable 
to many patients and to many medical practitioners. The use of live 
organisms also increases the risk of infection or allergic reactions in the 
patient 

It is an object of the invention to overcome at least some of the above 
problems. 

Summary of the Invention 

We have now purified an enzyme which occurs naturally in the crude 
secretions of the larvae of Lucilia sericata, and which exhibits trysin-like serine 
BTpteinase activity and wound-healing promotion activity. The use of the 
purified enzyme in the treatment of a wound avoids the need to bring live 
organisms and/or their crude secretions into contact with the wound. 

The present invention provides an isolated protein characterised in that: 

i) it is secreted by the organism Lucilia sencata : 

ii) it exhibits optimum proteolytic activity against FITC-casein at a pH 
of 8.0 to 8.5; 

iii) it exhibits proteolytic activity against Tosyl-Gly-Pro-Arg-AMC but 
not against Suc-Ala-Ala-Phe-AMC; 

iv) its proteolytic activity against FITC-casein and Tosyl-Gly-Pro-Arg- 
AMC is inhibited by the serine proteinase inhibitors PMSF and 
APMSF;and 

v) it is bound by immobilised aminobenzamidine. 

The invention also provides an isolated protein, characterised in that it is a 
functional homologue of the protein of the invention. Typibally^e protein wi ll 
be_a naturally pjLo duced protein secreted by an insect in its larval stag e. 
Suitable insect are envisaged as bein g those that are used in their larval fom ri 
in tiie treatanent of wounds. It is also envisaged that clones of either the 
Lucilia protein, or functional homologues thereof, will fomi part of the invention 
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and may be used in wound treatment In this regard, the protein of the 
invention may be expressed in bulk in an active recombinant fonn in an 
insect/ baculovirus expression system. 

In a further aspect, the invention relates to a method for treating a wound 
to promote healing thereof in a human or non-human mammal which 
comprises applying to the wound a therapeutically effective amount of a 
sterile cornposition comprising a protein according to the invehtion as active 
ingredient. The invention also relates to the use of a protein of the invention in 
the preparation or manufacture of a medicament for the treatment of wounds. 

In a further aspect, the invention relates to an isolated peptide selected 
from the group consisting of; Ser-Phe-Leu-Leu-Arg-Asn; Ser-Leu-lle-Gly-Lys- 
Va|: Thr-Phe-Arg-Gly-Ala-Pro; Gly-Tyr-Pro-Gly-Gln-Vai. anda peptide having 
an N-temriinal sequence selected from:Ser-Phe-Leu-Leu-Arg-Asn; 
Ser-Leu-lle-Gly-Lys-Val; Thr-Phe-Arg-Gly-Ala-Pro; or Gly-Tyr-Pro-Gly-Gln- 
Val, or a protected analogue thereof which is protected against 
aminopeptidase activity, and to the use of one or more of such peptides in a 
method for treating a wound to promote healing thereof in a human or non- 
human mammal which comprises applying to the wound one or more of said 
peptides. Furthermore, the invention relates to the use of such a peptide in 
the preparation or manufacture of a medicament for the treatment of wounds. 

In one embodiment of the invention, there is-provided a dressing for a 
wound, which comprises a sterile support canying a tiierapeutically effective 
amount of a protein and/or at least one peptide according to tiie invention. 
Where the words "comprises" and "comprising" are used herein, it is intended 
tiiat these may have tiie meanings .^includes" and "including", respectively, to 
the extent that ottier procedures or otiier materials are ngt excluded. 

Brief Desc ription of the Drawings ~ ' 

Fig. 1' is an elution profile of Lucilia sericafa excretory/secretory (ES) 
having been passed through an affinity column; 
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Fig. 2 shows the residual activity of the column fractions identified in 
Fig.1; 

Fig. 3 shows a picture of a gel after electrophoresis of the column 
fractions identified in Fig. 1 ; 

Fig. 4 shows FITC-Casein hydrolysis by Lucilia sericata ES in the 
presence of APMSF/PMSF at pH8; and 

Fig. 5 demonstrates (a) Tosyl-Gly-Pro-Arg-AMG and (b) Suc-AIa-Ala-Fhe- 
AMC hydrolysis by Lucilia sericata in the presence of APMSF and PMSF. 

Detailed Description of the Invention 

The protein of the present invention exists, in nature, in the 
excretory/secretory (ES) secretions of the larvae of Lucilia sericata . 

The larval ES secretions demonstrate a classical pH optimum of 8.0-8.5 
when hydrolysing the fluorescent protein substrate fluorescein 
isothiocyanate-casein (FITC-casein). By pre-incubating the laival ES 
secretions, prior to monitoring the hydrolysis of FITC-casein. with the 
inreversible low molecular weight inhibitors 4-(amidiriophenyl) methane 
sulphonyl fluoride (APMSF; an Inhibitor for all trypsin-like serine proteases but 
not chymotrypsin-lilce serine proteinases) or with phenyl methanesulphonyl 
fluoride (PMSF; an inhibitor for all serine proteinases) it is shown that larval 
ES secretions have two types of serine proteinase activity; a trypsin-like 
activity and a chymotrypsin-like activity. The dual activity is confirmed by 
monitoring the hydrolysis of the fluorescent peptide substrates Tosyl-Gly-Pro- 
Arg^AMC (selective for tiypsin-like proteinases) and Suc-AIa-Ala-Pro-Phe- 
AMC (selective for diymotrypsin-like proteinases), in which "AMC" represents 
7-amino-4-methyl coumarin and "Sue" represents succinyl. 

In addition to the predominant serine proteinase activity detected in the 
ES secretions of Lucilia sericata other less predominant activity is present 
The presence of an aspartyi and metalloproteinase activity has been detected 
ttiough no cysteiny! activity is shown. The aspartyi activity, shown by 
monitoring FITC-casein hydrolysis, is pronounced at pH 5.0 and is 
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successfully inhibited by the class specific inhibitor pepstatin A. . The 
metailoproteinase activity present is demonstrated by the ability of the ES 
secretions to hydrolyse a leucine aminopeptide. revealing the presence of an 
exopeptidase. Exopeptidases recognise free -NH2 aminoacids in peptides. 
Leucine aminopeptide hydrolysis by Lucilia sericata ES is only inhibited by the 
Zn^* chelator 1,10-phenanthroline, a classic metalloproteinsase inhibitor. This 
inhibition reflects the presence of an exopeptidase with a metailoproteinase 
enzymic nature. 

Ihe ES secretions have an a-amyiase activity calculated to be about 0.88 

units/litre. Additionally, phosphatase activity (hydrolysis of orthophosphoric 
monoester bond) is present in the lan/al ES secretions although this activity is 
approximately 50 times lower when compared to the proteinases. Lipase 
activity (hydrolysis of ester bonds found in fatty acid esters) is also identified. 
This lipase activity is not detected when the ES secretions are pre-incubated 
with the inhibitor PMSF.. indicating that this hydrolysis is due to the serine 
proteinase in the secretions. 

It can be concluded from our investigations that the predominant class of 
activity in the larval ES secretions is serine proteinase activity and that there 
are two types of serine proteinase activity present; one derived from a 
chymotryptic enzyme and one derived from a tryptic enzyme. 

The protein of the present invention, which relates to the tryptic enzyme, 
may be obtained in substantially pure form from the crude ES secretions by a 
chromatographic procedure. The ES secretions are collected from the teniae 
of Lucilia sericata and are subjected to affinity chromatography using 
immobilised aminobenzamidine. Aminobenzamidine is a reversible inhibitor 
of trypsin-like serine proteinases. After collection of the "flow-through" 
material from the chromatographic procedure, i.e., the material which is not 
bound by the immobilised reagent, the enzyme which has beeri bocind by the 
immobilised reagent may be eluted by the addition of free aminobenzamidine 
and collected separately. 

Inhibitor studies carried out on the unbound ("flow-through") fraction and 
the eluted fraction using the inhibitors APMSF and PMSF show that the 
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unbound material has activity characteristic of chymotryptic enzymes whereas 
the eluted fraction is a tryptic serine proteinase. 

We believe that tryptic serine proteinase, isolated from the crude larval ES 
secretions as described above, has the ability to initiate and promote healing 
events in wounds. We have found that larval ES secretions are capable of 
degrading the extra cellular matrix (ECM)/wound components, fibronectin, 
laminin and collagens I, III, IV and V. These macromolecules are found in the 
slough of chronic wounds and also make up the "fibrin cuffs" that are 
-predominant in chronic ulcers. The degradation of laminin and fibronectin by 
lan/al secretions is inhibited by PMSF, but not significantly by APMSF or fay 
the metalloproteinase inhibitor 1 . 1 0-phenanthroline. 

In addition, the degradation of the different forms of collagen by the 
predominant serine proteinase activity indicates the presence of a 
collagenase. This suggests that the serine proteinase activity within larval ES 
secretions has the potential to degrade key wound components, a 
requirement for the debridement stage of healing, and is involved in 
preventing "fibrin cuff" formation, stimulating anglogenesis, leucocyte invasion 
and fibroplast proliferation. In contrast to the ECM components degraded, no 
degradation of fibrin itself, elastin and hyaluronic acid by ES secretions has 
been detected, suggesting the absence of plasmin or elastase-Iike proteinase 
or hyaluronidase. 

The trypsin-like enzyme isolated from crude larval ES secretions, we 
believe, has the ability to activate healing processes via protease-activated 
receptors (PARs). PARI, v^rtiich is known to be cleaved by thrombin, trypsin 
and factor Xa,. is present on Human endothelial cells, fibroblasts, 
keratinocytes, platelets, monocytes arid smooUi musdg. PARI agonists 
promote endothelium dependent vasodilation, leading to extravasation of 
plasma proteins and leucocytes, to cell mitogenesis, and to the healing of 
inflamed and damaged tissue. The PARs have attached ligands which are 
cleaved proteolytically by the trypsin-like enzyme of the Inverition to release 
peptides which then act to trigger otiier biochemical processes involved in 
promoting wound healing. The arginine residue at the cleavage site of the 
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tethered ligand of PARI is susceptible to the action of trypsin-like proteinases. 
Further details of the tethered ligands and the elucidation of their sequence is 
given in Am. J. Physiol. 274 (1998), c1428-c1452. 

As mentioned above. PARs have tethered ligands which when cleaved by 
the trypsin-like serine proteinase release one or more peptides into the wound 
areia. 

Nomially tethered ligands of PARs which are beKeved, by us, to be 
responsible for the activation of wound healing when released include the 
^peptides 1 to 4 below 

1. Ser-Phe-Leu-Leu-Arg-Asn; 

2. Ser-Leu-lle-Gly-Lys-Val; 

3. Thr-Phe-Arg-Gly-Ala-Pro; and 

4. Gly-Tyr-Pro-Gly-Gln-Val. 

These four peptides are agonists of PARs 1 to 4, respectively. 
We believe that wound healing is promoted by the application to the 
wound area of one or more of these peptides, or a protected analogue thereof 
which is protected against aminopeptidase activity, without the need to apply 
the tryptic sisrine proteinase to the wound. 

The peptides of the invention, as described above, can be prepared . 
synthetically and purified according to the usual routes of peptide synthesis 
and purification known in the art. The peptide may be protected against 
aminopeptidase activity to enhance activity and/or to prolong the period witiiin 
which tiie peptide remains active in the wound area. Protection agalnist 
aminopeptidase activity may, for example, be achieved by the amidation at 
COOH substitution in tiie peptide u^ng a non-coded anomalous amino acid 
and/pr CO-NH amide bond replacement by an isostere. 

The peptides (and/or protein) of flie Invention may be applied to a wound 
to induce a profile of growth factors conducive to healing. For instance, one 
or more peptides, eittier in a pure fonm or in a sterile cam'er, can be sprinkled 
over the wound area or Incorporated into a carrier to be applied to the wound. 
For instance, tiie peptide (and/or protein) can be incorporated or 
encapsulated into a suitable material capable of delivering ttie peptide to a 
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wound in a slow release or controlled release manner. An example of such a 
suitable material is poly{lactide-co-gtycolide) or PLGA particles which may be 
fomnulated to release peptides in a controlled release manner. Alternatively, 
one or more peptides (and/or protein) may be incorporated into a dressing to 
be applied over the wound. Examples of such dressings include staged or 
layered dressings incorporating slow-release hydrocolloid particles containing 
the wound healing material or sponges containing the wound healing material 
optionally overiayered by conventional dressings. Hydrocolloid dressings of 
the^type currently in use, for example those available under the trademark 
"Granuflex", may be modified to release the peptides to the wound. 

EXPERIMENTAL METHODS 

1 > Isolation and assay of the trvpsin-like serine proteinase of the invention 

The trypisin-like serine proteinase was purified by affinity chromatography 
of Lucilia sericata ES on aminobenzamidine agarose. The column matrix 
(1ml) was equilibrated witii 20ml of 0.025M Tris-HCI buffer pH 8.0 containing 
0.5M NaCI. The crude ES (0.5ml, 70Mg/ml protein) was diluted with an equal 
volume of buffer before application to the column. Fractions {0.5ml) were 
collected throughout the chromatography. After washing with 6.5 times 
column volume of buffer to remove unbound protein, the free 
aminobenzamidine ligand (2ml 400jiM) was used to elicit the elution of bound 
material. Absbribance readings of the fractions at 280nm was used to 
establish tiie positions of the unbound (flow-through) and bound peaks which 
were then collected for assay. The elution profile is shown in Rgure 1 

Aminobenzamidine agarose binds trypsin-Bke -serine proteinases. 
Following application of larval eniynie secrefionis to the column, unbound 
material passed direcHy through and was collected as "flow-through" (peak 1). 
The addition of free aminobenzamidine to the column buffer elicited elution of 
tfie bound proteinase (peak 11). * The unbound (flow-through) material 
contained proteinase activity unaffiacted by Ai=>MSF (possibly including a a 
chrymotrypsin-like enzyme), whereas the activity in tiie aminobenzamidine 
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elution peak was substantially abolished (80%) by APMSF, indicating 
purification of a trypsin-like serine proteinase activity. The residual activities 
of the column fractions are shown in Figure 2. 

Column fractions were examined by electrophoresis in non-reducing SDS 
sample buffer (0.5M Tris-HCI pH 6.8 containing 4% SDS, 20% glycerol and 
0.02% bromophenol blue) on 12% SDS polyacrylamide gels containing 0.1% 
human haemoglobin. SDS was removed by washing in 2.5% Triton X-100 
(1h) and distilled water (15 min.). Proteolysis of the haemoglobin substrate in 
Jhe^gel by incubation at ZTO in 0.1 M Tris-HCI buffer pH 8.0 overnight 
produced clear bands revealed by protein staining in Coomassie Brilliant blue 
corresponding to the positions of proteinase enzymes (Figure 3). The start 
and flow through fractions each showed several proteinase activities however 
the aminobenzamidine eluted a single band. Thus the trypsin-like enzyme 
previously identified in the aminobenzamidine-eluted fraction (Figure 2) was 
shown to have molecular weight --25 KDa (Figure 3). 

2. Investigation of Droteolvtic behaviour of the larval enzyme fES) with FITC- 
casein 

The activity of Lucilia sericata ES in FITC-casein hydrolysis at pH8 was. 
investigated using different presentations of ES (0.25^lg) as follows: 



A- 


ES + H2O 


B. 


ES + ethanol 


C. 


ES pre-incubated with 0.2mM PMSF 


D. 


ES pre-lncubated with 0.6mM PMSF 


E. 


ES pre-incubated with 1mM PMSF 


F. 


ES pre-incubated with 0.04mM APMSF 


G. 


ES pre-incubated with 0.12mM APMSF 


H. 


ES pre-incubated with 0.2mM APMSF 



The proteolytic activity of LAJdlia sericata ES was inhibited following pre- 
incubation vwth the imeversible serine proteinase Inhibitor PMSF. It was totally 
Inhibited in the case where the ES had been pre-incubated with . 1mM PMSF. 
PMSF is dissolved in ethanol and the effect of the solvent on the activity of the 
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ES was negligible. In contrast, approximately 50% of residual serine 
proteinase activity from ES was detected in the cases where the ES had been 
pre-incubated with the irreversible "trysin-like" specific inhibitor APMSF, 
Residual activity in the presence of APMSF indicates the presence of a 
chymotrypsin-iike enzyme. The activrty (%) values obtained were as follows: 



A. 


100% 


B. 


85.5% 


C. 


13.8% 


-D. 


18% 


E. 


0% 


F. 


43.5% 


G. 


47% 


H. 


54% 



These results are shown graphically In Figure 4. 

3. Investigation of th e proteolytic activitv of the larval enzyme (ES) against 
specific substrates 

The activity of Z.uc///a sericata ES (0.25ng) against Tosyl-Gly-Pro-Arg- 
AMC (a) and against Suc-Ala-Ala-Phe-AMC (b) in the presence of APMSF 
and PMSF was Investigated using different presentations of ES as follows: 



(a) 



A. 



ES 



B. 



ES pre-incubated with 0.025mM APMSF 
ES pre-incubated with O.OSmM APMSF 
ES pre-incubated with TmM PMSF 



C. 



D. 



E. 



ES 



F, ES pre-incubated with 0.2mM APMSF 

G. ES pre-incubated witii IraM PMSF 

The residual activity (%) values obtained were as follows: 
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(a) 



A. 



100% 



B. 



14.3% 



C. 



3.6% 



D. 0% 

(b) 

E. 100% 

F. 86.8% 
G. 1.3% 

The results are shown graphically in Figure 5. 

The results for (a) reveal the "trypsin-like" serine proteinase activity 
present in Lucilia sericata ES. The hydrolysis of Tosyl-Glyc-Pro-Arg-AMC 
(selective for the serine proteinases thrombin and plasmin) was inhibited by 
ImM PMSF and O.OSmM APMSF. However, the hydrolysis of the 
chymotryptic substrate Suc-AJa-AIa-Phe-AMC by Lucilia sericata ES was only 
inhibited by PMSF (ImM) and not by excess APMSF (which does not inhibit 
chymotrypsin). The results provide further evidence of the presence in ES of 
two different sub-classes of serine proteinase. 

As mentioned above, the invention also relates to functional homologues 
of the LudUa protein of the invention which may be obtained firom other 
insects having lan^ phases and which can potentiaiiy be used in the 
treatment of wounds. For example, given the teaching of the present 
application, it would be within the ambit of the stalled addressee, using the 
^cperimental methods disclosed herein, to assay larval secretions from other 
non-Lucilia organisms for a functional homologue of the Lucilia protein of the 
invention. Furthermore, proteinases according to the invention produced by 
Ludfia whidi promote wound healing may be cloned and expressed in bulk in 
an active recombinant form in an insect/baculovirus esqiression system. 
Genes corresponding to the proteinases will be identified by PGR or 
immunological screening from appropriate cONA libraries and manipulated for 
expression in this system. As proteinases from diverse sources can prove 
difficult to express in prokaryotic expression s^tems, it is advantageous to 
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use an insect expression system for the expression of the insect gene 
corresponding to the proteinase of the invention. 

The invention is not limited to the embodiment hereinbefore described 
which may be varied without departing from the invention. 
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CLAIMS 

1. Ah isolated protein characterised in that; 

i) it is secreted by the organism Lucilia sericata: 
10 ' it exhibits optimum proteolytic activity against FITC-casein at a 
pH of 8.0 to 8.5; 

iii) it exhibits proteolytic activity against Tosyl-Gly-Pro-Arg-AMC but 
not against Suc-Ala-Ala-Phe-AMC; 

iv) its proteolytic activity against FITC-casein and Tosyl-GIy-Pro- 

Arg-AMC is inhibited by the serine proteinase inhibitors PMSF 
and APMSF; and ; . 
v) it is bound by immobilised aminobenzamidine. 

2. An isolated protein as claimed in claim 1 having a molecular weight of 
approximately 25kDa. 

3. An isolated protein, characterised in that it is a functional homologue of 
the protein of claims 1 or 2. 

4. An isolated protein according to claim 3 which is secreted by an insect 
in its larval stage. 

5. A protein which is a clone of the protein of any of claims 1 to 4. 

6. A method for treating a wound to promote healing thereof in a human 
or non-human mammal which comprises applying, to the wound a 
therapeutically effective amount of a sterile compositipn comprising a 
protein according to any of claims 1 to 5 as active ingredient^ 

7. A composition comprising a protein of any of claims 1 to 5 for use in 
the treatment of wounds. 




PCT/GB0O/04(134 

8. Use of a protein of any of claims 1 to 5 in the preparation or 
manufacture of a medicament for tlie treatment of wounds. 

9. A method for treating a wound to promote healing thereof in a human 
or non-human mammal which comprises applying to the wound one or 
more peptides selected from the group consisting of 
Ser-Phe-Leu-Leu-Arg-Asn; . , . 
Ser-Leu-lle-Gly-Lys-Val; 

fhr-Phe-Arg-Gly-Ala-Pna; 
Gly-Tyr-Pro-Gly-Gln-Val, and 

a peptide having an N-terminal sequence selected flrom: 
Ser-Phe^Leu-Leu-Arg-Asn; ^ 
Ser-Leu-lle-Gly-Lys-Val; 
Thr-Phe-Arg-Gly-AIa-Pro; or 
Gly-Tyr-Pro-Gly-Gln-Val. 

or a protected analogue thereof which is protected against 
aminopeptidase activity. 

I. .•■ ■ . • 

10. An isolated peptide selected from the group consisting of 
Seif-Phe-Leu-Leu-Aig-Asn; 
Ser-Leu-lle-Gly-Lys-Val; 
Thr-Phe-Arg-Gly-Ala-Pro; 
Gly^Tyr-Pro-Gly^n-Val, and 

a peptide having an N-terminal sequence selected from: 
Ser-Phe-Leuieu-Arg-Asn; 

Ser-Leu-lle-Gly-Lys-Val; ^ 
' Thf-Phe-Airg-Gly-AI^-Pro; or 
Gly-Tyr-Pro-Gly-Gln-Val. 

or a proterted analogue thereof which is protected against 
aminopeptidase acti\flty. 



11. A peptide of daim 1 0 for use in the treatment of wounds. 
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Use Of a peptide of claim 10 in the preparation or manufacture of a 
medicament for the treatment of wounds. 

A dressing for a wound, which comprises a sterile support and a 
protein according to any of claims 1 to 5, 



A dressing for a wound, which comprises a sterile support and at least 
one peptide according to claim 10. 
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